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ABSTRACT 


In this paper we have produced NiO thin film based solar cells. The NiO thin 
film was then studied for their structural, optical and electrical properties. By 
the help of these results we have capable to know about the structure of NiO 
the phase purity of the thin film X-ray diffraction (XRD) pattern of NiO showed 
the diffraction planes corresponding to cubic phase respectively. The optical 
properties showed that with the increase in the deposition time of NiO the 
energy band gap varied between 3.1 to 3.24 eV. In the end, IV characteristics of 
the thin films were obtained by the help of matlab in the presence of light as 
will as dark region. 
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INTRODUCTION 

In our modern day-to-day life, environmental and energy resource concerns 
have been increasing, due to which the greater stress has been placed on 
development of renewable energy resources, especially on solar energy based 
photovoltaic cells. Solar energy can be converted to useful direct current 
electricity using solar cells [1-3]. A major breakthrough in solar cell fabrication 
would be large scale production at economical cost. Currently, there is difficulty 
in scaling up existing method of solar cell fabrication. The major obstacles are 
the expensive nature of materials and the complexities involved in fabricating 
solar cells. 
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Inorganic semiconducting materials are inexpensive, 
environmentally friendly and viable sources for solar cell 
fabrication [4]. Fabrication of nanostructure metal oxide 
films has generated interest over the years due to their wide 
application [5-6]. They are used in radiation detectors, solar 
cells, semiconducting devices, laser materials, thermoelectric 
devices, and optoelectronic devices. Nanostructure metal 
oxide is a promising option for thin film solar cells. Metal 
oxide solar cells offer a good replacement for conventional 
silicon solar cells. This is because metal oxides are cheap 
materials, has flexible optical properties, can be accumulated 
using low-cost techniques, and are simple to scale-up to 
large volume manufacture. Nanostructure metal oxides are 
used in a wide range of device applications because of their 
broad composition and band structure. Nickel oxide (NiO) 
nanostructures are of particular interest because of their 
interesting properties and promising applications in solar 
cells, bio and gas sensors, batteries, super capacitors, 
catalysis, photo detectors, energetic materials and removal 
of organic pollutants from waste water[9-10]. NiO has been a 
potential candidate for a long time due to its interesting 
electronic structure, steadily influenced by Ni - 3d electrons 
which are grown over a large energy range but localized in 
space because of the columbic repulsion between them [11- 
12] and they are known for ultraviolet (UV) transparent 
conductivity and low resistivity, which are advantageous for 
UV detectors, electro chromic display devices, light-emitting 
diodes, chemical sensors, catalysts and dye sensitized solar 
cells. The economic feasibility of this relies on efficient 
collection, retention, and utilization of photons [13]. In 


organic nanostructures with tailored geometry over its 
organic counterparts are expected to play significant roles 
for the next-generation nanoscale electronic, optoelectronic, 
electrochemical and electromechanical devices [14]. 

MATERIALS AND METHODOLOGY 

In this paper, we will discuss the materials and methods that 
have been used for fabrication of solar cell and also the 
calculations that have been used for calculating the amount 
of materials. 

Materials: Nickel Oxide has been used by me as 
semiconductor materials for the fabrication of the solar cell 
along with other materials. Nickel oxide NiO of 
semiconductor compounds and the group is (II-VI) of the 
periodic Table [15]. It is known because of its several 
properties like good transparency, wider band gap etc. 



Fig: 1 Schematic diagram of composite layers used of 
NiO film coated on ITO [16] 
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The microstructures of the NiO thin layer has investigated by 
state-of-the-art techniques like X-ray diffractometer (XRD, 
Brucker D2 Phaser system) with Cu Ka radiation operating 
at 30 kV and 10 mA having wavelength of 0.154 nm under 
out-of-plane geometry. For the morphological analysis, 
Scanning Electron Microscopy has carried out for 
nanostructure analysis of such inorganic layers. The optical 
transmission/absorption spectra of the samples have 
obtained in the ultraviolet (UV)/Visible/near infrared (NIR) 
region up to 1100 nm using Shimazdu UV-VIS 
spectrophotometer. These kinds of properties make it as a 
good option to be use for fabrication of PV devices. For the 
measurement of surface morphology, field emission 
scanning electron microscopy (FE-SEM; model: JEOL JSM- 
7600F) with accelerating voltage of 5 kV has use. The film 
thickness has measure using surface profiler (model: Veeco 
Dektak 750) while to observe transmittance and absorbance, 
ultraviolet-visible spectroscopy (UV-VIS; model: JASCO V- 
670) has use. The electrical properties of the NiO thin films 
were measured by Ecopia HMS-3000 Hall system. All the 
measurements were performed at room temperature. 
Results and discussion crystal structure to investigate the 
crystal quality of the NiO thin film. 

RESULTS AND DISCUSSIONS 

In this section, results obtained by applying different 
characterization techniques on our sample will be discussed. 
X-Ray Diffraction, Scan Electron Microscopy and IV 
characteristics of our sample have been done and in this 
chapter their results will be shared. 

1. OPTICAL PROPERTY: 

Nickel oxide (NiO) has cubic (NaCl-like FCC) structure and 
pale green colour. And has a crystalline structure of the rock 
salt kind of structure of sodium chloride salt (NaCl). The 
stoichiometry of NiO is roughly indicated by the color of the 
sample. The color f the NiO is highly sensitive to the presence 
of higher valence states of nickel even in traces. NiO exhibits 
wide band gap energy within the UV region in the range of 
3.5- 4.0eV at room temperature. Nano-particles of Nickel 
oxide are transparent to the visible spectrum of solar 
radiations. When ultra violet spectrum of light falls on the 
NiO material it absorbs almost all part of the UV light and it 
act as a transparent medium allowing the visible light to pass 
through it. The optical transmittance of all as-prepared NiO 
thin films is more than 60 % at the visible range, shown in 
Fig.2. The transmittance of the films decreased from 90 % to 
65% with the increase of sputtering power from 50 to 150 
W. 



Fig: 2 Cubic structure of Nickle Oxide 


2. XRD of NiO Particles: 

To investigate the crystal quality of the NiO thin films 
prepared at different sputtering power, X-ray diffraction 


measurements were performed on NiO thin films, shown in 
Fig.4. Indicates the presence of NiO (111), NiO (200), NiO 
(220) as well as NiO (311) peaks, where NiO (111) and NiO 
(200) are the pronounced peaks. The XRD analysis confirms 
Bunsenite, which corresponds to the JCPDS card: 04-0835 
for nickel oxide [40] confirming it as a good absorber layer of 
solar cells. 



Fig: 4 XRD pattern of NiO 


All the indexed peaks obtained in the XRD of the sample 
were exactly the same as of reference card peaks and were 
matched accordingly this also shows that our sample is 
phase pure. The result obtained shows that our NiO particles 
were 100% phase pure. 

3. SEM of NiO Particles: 


The surface morphology variation of NiO thin films with 



Fig: 5 FESEM of NiO particles 


All samples had a columnar structure with growth 
perpendicular to the film surface, and were dense, and 
homogeneous. With the increase of sputtering power, the 
grain surface was obtained. It may be attributed to the 
transformation of thin film growth model. When the 
sputtering power is low, the basic unit of film growth is less; 
film growth appears to island growth mode. Gradually 
increases from a size of 10 to 50 nm. With the increase of the 
sputtering power, the basic unit required for film growth 
also increased, and the islands on substrate gradually 
increase. The thickness of NiO thin film deposited at various 
sputtering power was given in Fig.6. We observed that the 
thickness of NiO thin films linearly increases with the 
increase of sputtering power. 



o 


Fig: 6 3D analytical image of NiO 
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4. IV Characteristics: 

The IV characterization can be done either in outdoor 
conditions in which solar cell is exposed to sun light and 
solar radiations directly fall on the subject solar cell and we 
measure the reading by the use of millimeter or in indoor 
conditions in which sample solar cell is exposed to the sun 
simulator and accordingly readings of the current and 
voltage are measured. Outdoor measurement method tells us 
the actual efficiency of the solar cell. Following solar cell 
parameters are kept in mind while analyzing the IV 
characteristics of a solar cell- 

Short-Circuit Current Density (Jsc): J sc is the current that 
flows through the junction under illumination at zero 
applied voltage, that is, Jsc = J (V = 0). In the ideal case, it 
equals the photo generated current density (Ji) and is 
proportional to the incident number of photons or 
alternatively the intensity of illumination [17]. 

Jsc = Jo [exp (q(0) /AkT}-l] - J v ,V=0 

Open Circuit Voltage (Voc): It is defined as the maximum 
voltage available at the output of a solar cell when the 
current is zero. The open circuit voltage can be derived by 
using the following equation [18]. 

V oc = AkT /q In (Ii/I 0 +1) 

Fill Factor: In addition to open circuit voltage and short 
circuit current, the fill factor also determines the maximum 
amount of power from a solar cell. Mathematically it is a 
ratio of Voc and Isc. High fill factor means that the solar cell 
has less series resistance and has high shunt resistance so 
there is less dissipation in internal losses. 

FF — Pmax/Voclsc 

Efficiency: Efficiency of a solar cell depends upon the 
intensity of solar radiations and temperature of the solar 
cell. Terrestrial solar cells are measured in AM 1.5 conditions 
and at ISO temperature of 25 OC. It is basically defined as the 
“fraction of incident power that is being converted to 
electricity". Efficiency is calculated by using following 
formula [20]. 

T| = JscVocFF/Pin 


The IV curve obtained after performing the results shows a 
type of linear graph in both dark and in light region. 



CONCLUSION 

In this study, NiO thin films were used to fabricate NiO 
heterojunction solar cells. It shows that NiO can be used in 
thin-film solar cells. The result of conversion efficiency, 


open-circuit voltage, short-circuit current, and fill factor 
were 2.30%, 350 mV, 16.8 mA, and 69% under illumination, 
respectively. This is an improvement on existing values. This 
will open up frontiers in affordable and sustainable solar cell 
fabrication in developing and low-income countries. 
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